We evaluated the potential impacts of future land cover change and climate variability on hydrological processes in the Neka River basin, northern Iran. This catchment is the main source of water for the intensively cultivated area of Neka County. Hydrological simulations were conducted using the Soil and Water Assessment Tool. An ensemble of 17 CMIP5 climate models was applied to assess changes in temperature and precipitation under the moderate and high emissions scenarios. To generate the business-as-usual scenario map for year 2050 we used the Land Change Modeler. With a combined change in land cover and climate, discharge is expected to decline in all seasons except the end of autumn and winter, based on the inter-model average and various climate models, which illustrated a high degree of uncertainty in discharge projections. Land cover change had a minor influence on discharge relative to that resulting from climate change.
Introduction
It is widely understood that climate, land cover change, and human activities have profound impacts on hydrological cycles (Zhang et al. 2012) . Climate variations can change evapotranspiration, soil moisture, water temperature, precipitation patterns, humidity, flow routing times, peak flows, and flow volumes (Zhang et al. 2007 , Li et al. 2009 , Zheng et al. 2016 . The scientific consensus is that future increases in temperature will intensify the hydrological cycle, leading globally to an increased risk of floods and droughts; the impacts of these changes have the potential to be substantial (Park et al. 2011 , Watts et al. 2015 . On average, global surface temperature has risen approximately 0.74°C over the past century. Increased temperature in winter will cause more precipitation to fall as rain, and snowpacks will melt earlier in spring, and so alter the hydrology of watersheds (Fan and Shibata 2015) . The increase in greenhouse gas concentrations is expected to accelerate temperature increases and to intensify the hydrological cycle (Azari et al. 2016) . Trenberth (2005) noted that an increase in temperature leads to greater evaporation rates and increased surface drying, causing droughts to occur with greater spatial and temporal intensity. However, accurate projections of future water availability are hampered by the high degree of uncertainty of climate models to accurately reproduce the spatial patterns and magnitudes of precipitation (López-Moreno et al. 2008) .
Land cover change is a primary anthropogenic disturbance, and greater scientific effort is needed to comprehensively explain how it will affect hydrological processes (León-Muñoz et al. 2013) . Land cover changes alter surface runoff generation, result in changes in water demand and supply, and affect basin hydrological process including soil infiltration capacity and groundwater recharge and discharge (Ghaffari et al. 2010 , Wijesekara et al. 2012 . Changes in catchments, including expansion of urban areas, typically decrease baseflow by changing groundwater flow pathways to surface water bodies (Lin et al. 2007) . In Iran the urban population increased from 31% of the national population in 1956 to 70% in 2006, and will reach 80% in 2020, according to United Nations data (Zanganeh Shahraki et al. 2011) . Urbanization has an effect on water availability and the health of the ecosystem by changing land cover and increasing water demand (Wu et al. 2015) . In the past 50 years, Iran has been subject to more major land cover changes than at any time in the nation's history (Bahrami et al. 2010 ). These changes, including deforestation, urban growth, and the conversion of rangelands to rain-fed lands, have in combination with rapid population growth affected the ecosystem and the hydrological cycle (Ghaffari et al. 2010) . For long-term land cover planning and water resources management it is very important to analyse the impacts of climate and land cover change on hydrology on a basin scale, to improve understanding of the potential effects of these processes on water resources and water-related disasters (Kim et al. 2013, Shrestha and Htut 2016) .
Compared with other regions of the world, Iran has paid much less attention to the impact of future land cover and climate changes on water resources, and no Iranian research studies have investigated the combined effects of both factors in their analyses. For example, the impact of future climate change on water resources in Iran was investigated by Abbaspour et al. (2009) , who used the outcome of the Canadian Global Coupled Model (CGCM 3.1) in assessing three scenarios of climate change, and used the Soil and Water Assessment Tool (SWAT) for water resources modelling. Their scenarios for the future showed that, in general, wet regions of Iran will receive more rainfall, while dry regions will receive less. They also showed that there is likely to be an increase in the frequency and severity of floods in the wet regions, and more prolonged droughts in the dry regions. Based on general circulation models (GCMs), Zarghami et al. (2011) provided a downscaling method using LARS-WG (a stochastic weather generator for use in climate impact studies) to simulate climate change with the horizons 2020, 2055, and 2090 in East Azerbaijan Province in northeastern Iran. The simulation of flows in three watersheds showed a reduction in water resources for most months of the year. Zahabiyoun et al. (2013) used the SWAT to explore the effect of climate change on runoff in the Gharesou River basin for the period 2040-2069, based on HadCM3-AR4 global model data under the IPCC A2 scenario. Their study showed that the alteration in runoff produced ranged from −90 to +120%, depending on the month involved. Ashraf Vaghefi et al. (2014) predicted the impacts of climate change on water resources availability in 2020-2040 in the Karkheh River basin, which is a semi-arid region in western Iran. Future climate scenarios were generated using CGCM3.1 for IPCC scenarios A1B, B1, and A2. Their results, which described variability in freshwater availability, showed an increase in the northern part of the basin, and a decrease in the southern part. Azari et al. (2016) used the SWAT tool to predict the impacts of climate change on discharge and sediment yield for the Gorganroud River basin, in northern Iran. They used three GCMs (CGCM2, HadCM3, and CSIRO2) for the A1F1, A2, and B1 IPCC emissions scenarios. Their results demonstrated an increase in annual discharge and sediment yield for the period 2040-2069. They also reported that the impact of climate change on sediment yield was greater than that on discharge.
Few studies have focused on the potential impact of land cover changes on water quantity in Iran. Ghaffari et al. (2010) applied the SWAT in the Zanjanrood River basin in northwestern Iran to evaluate the effect of land cover change on hydrology, and found that it had caused an increase of 20 and 33% in surface runoff during the 1967-1994 and 1994-2007 periods, respectively. The impact of land cover change from 1990 to 2006 on discharge to Orumieh Lake (northwestern Iran) was reported by Khalighi Sigaroodi and Ebrahimi (2010) , who found that the maximum daily recharge increased and the minimum daily recharge decreased. Hosseini et al. (2012) estimated the effects of land cover change from 1987 to 2007 on the water balance in the Taleghan catchment, in north-central Iran. The SWAT was calibrated and validated for predicting the water balance in the middle of the basin and at the outlet. Results showed that there was a progressive increase in surface runoff and a decline in interflow and groundwater flow. Salmani et al. (2012) reported application of the SWAT model to the Ghazaghli catchment in Golestan Province (northwestern Iran) under various land cover scenarios. Their study showed that land degradation in the basin increased runoff, but that infiltration, the percolation of water to deep aquifers, and evapotranspiration were significantly reduced. The results of the studies described above demonstrate that climate and land cover change have significant impacts on the hydrological response in watersheds.
In this study the SWAT model was chosen for hydrological modelling because it is an effective tool for simulating the impact of various environmental changes on water quantity when limited data are available (Arnold et al. 1998 , Abbaspour et al. 2007 , Akhavan et al. 2010 . Moreover, the SWAT is the most commonly used tool for hydrological studies in Iran, which enabled our results to be compared with previous research conducted at the country level. Most of Iran is subject to water resource shortages, and most water withdrawn from water resources is used in agricultural areas, which are expanding (Faramarzi 2010) .
The present study is the first to comprehensively evaluate the combined impacts of future climate and land cover change on the water balance in the Neka River basin. Eastman et al. (2005) tested 12 methods of transition potential modelling; they found that the multi-layer perceptron (MLP) neural network was the most robust among the available procedures. The relationship between frequency of change and drivers was nonlinear in the Neka River basin and MLP can fit complex relationships between explanatory variables and outputs, regardless of the presence of multi-collinearity (Lin et al. 2014) . Land Change Modeler (LCM) applies dynamic variables that can be recalculated at regular intervals and re-enter the model (Eastman 2012) . Therefore, we used LCM for land cover change modelling and applied MLP in LCM for generating transition potential from one land cover type to another. Castillo et al. (2014) studied hydrological responses under changes in precipitation and land cover in a coastal Texas watershed. They modelled a 2030 land cover map using LCM to obtain the overall accuracy rate and skill measure of 64% and 0.60, respectively, in predicting land cover change between 1990 and 2010. Oñate-Valdivieso and Sendra (2010) and Wilson and Weng (2011) successfully applied LCM in generating future land cover map scenarios for hydrological and surface water quality modelling in the binational Catamayo Chira basin, South America, and in the Des Plaines River Watershed, Illinois, respectively.
Approximately 36% of the Neka River basin is covered by Hyrcanian forests; this is a valuable ecosystem type because it provides important wildlife habitat, and has significant soil conservation, water permeability, clean air, and socioeconomic effects. A serious problem in recent years has been the decline of these forests (Kelarestaghi and Jafarian Jeloudar 2011, Joorabian Shooshtari et al. 2012) . According to Joorabian Shooshtari and Gholamalifard (2015) , conversion of Hyrcanian forest to other types of land cover classes has caused increasing fragmentation and degradation in this class in northern Iran. The Neka County ranks second in wheat production in Mazandaran Province, so it is important to have a plan for water resource management under future climate and land cover changes in the Neka River basin. Furthermore, the Neka River is a major source of freshwater for drinking, agriculture, and industries in the region (Ghanbarpour et al. 2014) .
The aims of this study were to: (1) simulate future land cover patterns using LCM based on MLP neural networks for modelling transition potential, and multiobjective allocation to allocate future land covers to the year 2050; (2) create climate change scenarios according to the representative concentration pathway (RCP) scenarios 4.5 and 8.5, and new scenarios based on data available from the Fifth Assessment Report of the IPCC (AR5), generated using the CMIP5 multi-model ensemble models; and (3) apply the SWAT model to predict future river discharges under future climate and land cover changes in the Neka River basin.
Material and methods

Description of the study area
The Neka River basin is located in northern Iran, between 53°17′30″-54°44′22″E longitude and 36°27′ 46″-36°41′8″N latitude (Fig. 1) . The Neka River basin is one of the largest watersheds (area: 1871 km 2 ) in Mazandaran Province (Ahmadi et al. 2014) . The Neka River flows south from Neka City and drains into the Caspian Sea. The agricultural land of the southern Caspian region has a major role in the agronomy of Iran (Akhani et al. 2010) . The climate of the study area is mild and humid, having average annual temperature and precipitation of approximately 17°C and 600 mm, respectively. The maximum and minimum precipitation occurs in autumn and summer, respectively (Ghanbarpour et al. 2014) . Rainfall tends to decrease with increasing elevation. Figure 2 shows the average monthly temperature and rainfall for the period 2003-2014 at three meteorological stations, one each at low, medium and high elevations. The topography of the watershed is varied and covers an elevation range from 50 to 3791 m a.s.l. The land cover of this area is mostly Hyrcanian forest, agricultural areas, and rangeland. The study zone is prone to flooding; a peak flow of >1300 m 3 /s was recorded in the flood of August 1999 (Ghanbarpour et al. 2014) .
Future climate scenarios
For the simulation of temperature and precipitation we applied the changes in climate variables derived from the outputs of 17 climate CMIP5 models under moderate (RCP 4.5) and high (RCP 8.5) future IPCC emissions scenarios for the time slice 2035-2065, and for the period 1980-2010 as a control. By 2100, the radiative forcing level reached a value of 4.5 W/m 2 and the CO 2 concentration increased to 650 ppmv (parts per million by volume) under scenario RCP 4.5, while for RCP 8.5 the levels reached were 8.5 W/m 2 and 1370 ppmv, respectively. In contrast to the previous Special Report on Emissions Scenarios (SRES), the RCPs considered included impacts caused by land cover change (Moss et al. 2010) . In this study, we used the CMIP5 models: BNU-ESM, CanESM2, CCSM4, CESM1-CAM5, CNRM-CM5, CSIRO-Mk3-6-0, EC-EARTH, FGOALS-g2, GFDL-ESM2G, GISS-E2-H, GISS-E2-R, HadGEM2-AO, IPSL-CM5A-LR, MIROC5, MPI-ESM-LR, MRI-CGCM3, and NorESM1-M. In the simulations using each model we compared a control period with a future time slice to calculate the average change, and the 10th, 25th, 75th, and 90th percentiles to obtain a range for long-term plausible variations in seasonal temperature and precipitation (delta change method). The monthly changes in temperature and precipitation were used to shift the observed daily data obtained from meteorological stations in the Neka River basin (López-Moreno et al. 2014 , Morán-Tejeda et al. 2014a . Then, these "climate change series" in each individual model were used as inputs for the hydrological runs in the SWAT.
In total, we ran 102 scenarios (17 CMIP5 models and two RCPs under temperature change alone, precipitation change alone, and combined change of temperature and precipitation scenarios) in SWAT under climate change conditions, and we ran the same scenarios for combined changes in climate and land cover.
Land cover change modelling
In developing a future land cover map for the Neka River basin, we used LCM in IDRISI (version 17.02, http://www.clarklabs.org), and adopted a two-stage approach in producing future land cover maps. Firstly, the LULC map for 2010 was modelled using the land cover dataset for the years 1984 to 2001. This stage was chosen to enable comparison of the performance of the modelled land cover change in the Neka River watershed with the actual land cover map for 2010, and with the land cover for the year 2010 predicted using the kappa index of agreement; this was done on a pixel-bypixel basis (Pontius et al. 2001) . Table 1 shows the error matrix between the observed 2010 land cover map and the map created through LCM. Secondly, data from 2001 to 2010 were used to model the land cover for 2050. The predictor variables used to empirically model land cover change in this study consisted of: (a) elevation; (b) slope; (c) distance to residential areas; (d) distance to forest areas; (e) distance to agricultural land; (f) distance to rangelands; (g) distance to major roads; and (h) distance to fluvial streams. Additionally, the empirical likelihood of change between 1984 and 2001 was produced because of the evidence that the likelihood transformation type is a very effective means of incorporating categorical variables into the analysis (Eastman 2012 ). Cramer's V statistic was calculated to enable selection of explanatory variables, based on the degree to which each variable is associated with the distribution of land cover classes (Pérez-Vega et al. 2012). We used a MLP neural network to create transition susceptibility maps in separate sub-models (Sangermano et al. 2012 , Lin et al. 2014 . The following transitions between the land cover classes were modelled: conversion of forest into agricultural area, rangeland, and residential area; conversion of agricultural area to residential area and rangeland; and conversion of rangeland to residential area. The results of the MLP showed an overall accuracy of >88% and a skill measure of >0.77 was achieved in predicting land cover in the period 1984-2001 in all submodels ( Table 2) . The LCM used a Markov matrix to compute the area of each land cover class for a specified date. The Markov process computes the probability of change from one land cover class to any other class, based on past and present probabilities (Munsi et al. 2012) . The future land cover maps (in this case 2010 and 2050) were produced using a hard prediction that was based on multi-objective land allocation (Oñate-Valdivieso and Sendra 2010).
The hydrological SWAT model
The SWAT model is a basin-scale, semi-distributed and continuous-time model developed by the Agricultural Research Service of the US Department of Agriculture (Neitsch et al. 2002) . It is linked to ArcGIS and capable of analysing large datasets on various geographical scales (Faramarzi et al. 2013) . The main objective of the SWAT model is to simulate the effect of management decisions on water, sediment, and agricultural chemical yields in ungauged basins. The model's major subcomponents include hydrology, weather, sedimentation, soil temperature, crop growth, nutrients, pesticides, and agricultural management. The hydrology sub-model is based on the water balance equation, which includes daily precipitation, evapotranspiration, percolation, runoff, and return flow components. The daily equation (1) was used by SWAT to calculate the water balance:
where SW t is the final soil water content (mm), SW 0 is the initial soil water content (mm), t is time in days, R day is rainfall (mm), Q surf is surface runoff (mm), E a is evapotranspiration (mm), W seep is the amount of water entering the vadose zone from the soil profile (mm), and Q gw is return flow (mm).
In using the SWAT model, the catchment was divided into multiple sub-watersheds, and then discretized into a series of hydrological response units 
Model inputs and model set-up
A DEM having a resolution of 30 m was extracted from the Aster Global DEM. The soil layers were obtained from the global SOIL-FAO (Food and Agriculture Organization) database, at a spatial resolution of 10 km. Daily temperature and precipitation data were recorded at 10 and 19 stations, respectively, located within and near the watershed; these data were collected by the Iranian Meteorological Organization and the Iran Water Resources Management Company (IWRMC) for the period 2003-2014. River daily discharge data for the outlet of the basin for the period 2003-2014 were obtained from IWRMC; these data were used for calibration and validation. The basin was automatically delineated using a threshold value of 3000 ha, which resulted in delineation of 35 subbasins. We used threshold values of 0, 10, and 10% for land cover, soil, and slope, respectively, in producing the HRUs. The zero threshold set for the land cover was to retain very small patches and to better understand the impact of land cover on discharge. Ten elevation bands were established in each sub-basin, to enable adjustment for the effect of elevation on temperature and precipitation.
Model calibration and validation
We used Sequential Uncertainty Fitting v.2 (SUFI-2) in the SWAT-CUP package (Abbaspour 2012) for calibration and uncertainty analysis. In SUFI-2 the parameter uncertainty represents all uncertainties, including driving variables (e.g. rainfall), parameters, the conceptual model, and measured data. In this program the uncertainty of input parameters is depicted as uniform distributions, while model output uncertainty is quantified using 95% prediction uncertainty (95PPU) (Abbaspour et al. 2007 ). The R-factor, which is another measure for quantifying the strength of a calibration/ uncertainty analysis, is the average thickness of the band divided by the standard deviation of the corresponding measured variable. Theoretically, the P-factor (which is fraction of data bracketed by the 95PPU band) and R-factor ranges are 0-100%, and 0-infinity, respectively. A P-factor of 1 and an R-factor of 0 indicates a prediction that exactly corresponds to measured data (Abbaspour 2012) . To compare the measured and simulated monthly discharge, values were calculated using the Nash-Sutcliffe efficiency parameter (Nash and Sutcliffe 1970) and the coefficient of determination (R 2 ) (Legates and McCabe 1999) . The simulation periods for calibration and validation were 2006-2010 and 2011-2014, respectively. The first 3 years of simulation were considered a warm-up period to mitigate unknown initial conditions. Six key parameters in the control hydrology in our case study were adjusted from the model default values (Table 1) .
To investigate the sensitivity of the water balance components to climate and land cover change, we computed the average difference and variability in various models in surface runoff (SURQ), lateral flow (LAT_Q), groundwater discharge (GW_Q), amount of water percolation (PERQ), and actual evapotranspiration (ET), between lowland and upland areas (Fig. 1) , and the amount of snowmelt (SM) in the upland part of the basin.
Results
SWAT model calibration and uncertainty analysis
We used SUFI-2 to calibrate and verify monthly measured discharges at the outlet of the basin relative to predicted. The major model parameters and their best values in the monthly calibration procedure are shown in Table 3 and Table 4 shows the Nash-Sutcliffe (NSE) efficiency coefficients, and the R 2 , R-factor, and P-factor values. Six key parameters in controlling the hydrology of the Neka River basin were adjusted from the model default values. These parameters were selected based on sensitivity analysis, and on previous studies that used them for discharge calibration in Iran (Faramarzi et al. 2009 , Akhavan et al. 2010 , Ashraf Vaghefi et al. 2014 . The results show that the NSE values for the calibration and validation periods were 0.69 and 0.84, respectively; the recommended value for good model performance is 0.65-0.75 (Moriasi et al. 2007 ). The NSE value in the validation period was higher than that in the calibration period. Similar results have also been reported elsewhere (Nie et al. 2011 , Chaemiso et al. 2016 , Woldesenbet et al. 2016 . Figure 3 shows good agreement between observed and best simulated according to goodness scale of Moriasi et al. (2007) . An R-factor value of <1 generally gives a good calibration result (Akhavan et al. 2010) , and in our study this was achieved for both the calibration and validation periods. The P-factor (% of data bracketed by 95PPU) values were 0.71 and 0.60 for the calibration and validation periods, respectively. Abbaspour et al. (2015) recommended a value of >0.7 or 0.75 for the P-factor, depending on the scale of the project and the adequacy of the input and calibration data. The flow dynamics were quite well modelled, but peak flow was slightly underestimated in the model (Fig. 3 ). The differences in peak flows may occur because the SCS method cannot simulate runoff from melting snow and on frozen ground (Akhavan et al. 2010) , and it considers average daily rainfall depth instead of intensity and duration (Woldesenbet et al. 2016 ). Chu and Shirmohammadi (2004) evaluated SWAT in predicting surface and subsurface flow in the Piedmont physiographic region of Maryland, USA. Preliminarily, their simulation results indicated that the model underestimated subsurface flow and total streamflow, especially during winter to early spring. They reported that unstable predictions of surface runoff may be explained by the absence of temporal and spatial variability of storms in the SCS curve number method. Consequently, the performance of the SWAT was considered sufficient to assess the effect of future land cover and climate changes on hydrological processes.
Future temperature and precipitation changes
The projected climate change for the period 2035-2065 under the RCP4.5 and RCP8.5 scenarios is shown in Figure 4 . For both scenarios we observed a generalized increase in temperature for the period 2035-2065 relative to the control period , based on the inter-model average. The average annual increase in temperature under the RCP4.5 scenario was 1.7°C, and for RCP8.5 was 2.3°C. Future climate change simulations among the various models showed mean annual warming in the range 1.2-2.5°C for RCP4.5, and 1.5-3.2°C for RCP8.5. The greatest increase in temperature occurred in summer, with warming of 2.0°C and 2.7°C for the RCP4.5 and RCP8.5 scenarios, respectively. For precipitation, the greatest decrease for the RCP4.5 and RCP8.5 scenarios was predicted to occur in summer (−13 and −21%, respectively), and the greatest increase was in winter (4 and 9%, respectively). The results showed greater variability in the simulations for precipitation than for temperature. For precipitation there was marked variability among the various models. In general, all Figure 3 . Comparison of monthly observed and best simulated streamflow at the Neka River basin outlet for calibration (2006) (2007) (2008) (2009) (2010) , validation (2011-2014), and 95% prediction uncertainty (95PPU). models indicated greater precipitation during winter for both scenarios, while among the various models there were differing results in terms of rainfall change during spring, autumn, and winter.
Land cover change and prediction
The land cover change from 1984 to 2050 in the Neka River basin is shown in Table 5 . As noted in Table 3 , land cover change analysis between 2010 and 2050 indicated a reduction in forest area (4.4% of the total area and 12.1% of the forest area), and an increase in the areas occupied by agriculture (2.1% of the total area and 12.2% of the agriculture area), rangelands (2.1% of the total area and 4.8% of the rangeland area) and residential activities (114 ha) ( Fig. 5 ). As forest, agriculture, and rangelands are the three dominant land cover classes in the Neka River basin, the changes in these areas from 2010 to 2050 were mapped (Fig. 6) .
Overall, the percentage land cover change in our study was low. Compared with 1984, by 2050 the forest cover decreased by 13 131 ha, while the agricultural land, rangelands, and residential areas showed increases of 7164, 5440, and 232 ha, respectively (Fig. 5 ). Figure 7 shows the simulated discharge under future climate change scenarios (temperature, precipitation, and combined change of temperature and precipitation) compared with the baseline period (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) and constant land cover conditions. The annual reductions for the period 2035-2065 resulting from temperature change with no change in precipitation were −7.7 and −8.8% for the RCP4.5 and RCP8.5 scenarios, respectively, compared with the baseline period. Based on the inter-model average, all months except December and January showed a fall in the projected discharge under both scenarios. The largest decrease was projected to occur in April. In the period 2035-2065, based on monthly inter-model average for precipitation change alone, the predicted discharge change ranged from −9.63% (July) to +7.10% (December) for RCP4.5, and from −11.96% (June) to +15.70% (January) for RCP8.5. For the precipitation change under RCP4.5, the discharges in May, June, July, and October indicated a decrease of <10%, and for RCP8.5 the discharges in June, July, September, and October decreased by <12%; an increase in discharge was indicated in the other months in each scenario. The inter-model average for the combined impacts of temperature and precipitation decreased in spring, summer, and autumn under both scenarios, especially in May (−24.5% for RCP4.5) and June (−25.1% for RCP8.5), with an increase in winter. A 10.9% increase under the RCP4.5 scenario and a 21.5% increase under the RCP8.5 scenario was projected for December in joint temperature and precipitation change of the inter-model average. For discharge, the annual changes in the 10th and 90th percentiles for the multi-model under the combined changes of temperature and precipitation were −41 and +28.5%, respectively, for the RCP4.5 scenario, and −38.6 and +40%, respectively, for the RCP8.5 scenario. This indicates that there was substantial variability among the climate models in the SWAT simulations because of inter-model variation in precipitation projections. Figure 8 shows the simulated discharges for the land cover in 1984, 2010, and 2050, with no change in climate data. With climatic variables kept constant, for all months the 1984 and 2050 land cover maps showed a decreased and increased percentage change in monthly streamflow, respectively, compared with land cover map for 2010. Compared with the discharge based on the 2010 land cover, for the 1984 land cover there was a decrease in monthly discharge (0.65-3.6%), and for the 2050 land cover there was an increase in monthly discharge (1.4-5.2%).
Effects of climate change on discharge
Effects of land cover change on discharge
Effects of land cover and climate changes on discharge
Temperature change simulations combined with land cover for 2050 demonstrated an annual reduction of −5.1 and −6.1% for the RCP4.5 and RCP8.5 scenarios, respectively, based on the inter-model average. This caused an increase in discharge in December and January under both scenarios, based on monthly intermodel average. For the precipitation change alone and Figure 6 . Predicted 2050 forest change to agricultural area and to rangeland.
2050 land cover, the annual discharges presented an increase of 3.7 and 10% for the RCP4.5 and RCP8.5 scenarios, respectively. The largest decrease was projected to occur in May (−6.9%) for RCP4.5 and in June (−10.4%) for RCP8.5 (Fig. 9) . A −4% annual decrease under the RCP4.5 scenario and a 1% annual increase under the RCP8.5 scenario was projected for discharge in joint change in land cover and temperature and precipitation of the inter-model average. The combined effect of land cover and climate changes resulted a decrease in all months except the end of autumn and winter for the RCP4.5 and RCP8.5 scenarios based on inter-model average (Fig. 9) . Changes in discharge under the combined effect of land cover and climate changes occur in the same direction as those under the climate only change scenarios.
Impact of scenarios on water balance components
The ET and SM remained almost similar in the 2010 and 2050 land cover scenarios, but indicated variations in the climate change scenarios. The results suggest that annual SURQ will increase in 2050 compared with 2010 with no change in climate data, by 4 and 5.5% in the upper and lower parts of the basin, respectively. Land cover change leads to increases in average annual PERQ, LAT_Q, and GW_Q by 2.3% (1.3%), 2.3% (0.3%), and 4.2% (2.6%) in the upper (lower) part of the watershed. For the temperature change, annual SURQ, LAT_Q, PERQ, and GW_Q are predicted to decrease by −21.1% (−23.4%), −7.6% (−4%), −19.2% (−24.3%), and −33% (−40.7%) for the RCP4.5 (RCP8.5) scenarios based on inter-model average in the upland areas. SURQ and PERC increased and LAT_Q and GW_Q decreased for the temperature change under inter-model average in the lower part of the basin. The results of predicted water balance component for the precipitation change under two climate change scenarios indicated a high degree of uncertainty among various climate models. For instance, for the 10th percentile of various GCM outputs under RCP4.5, a 40.6% decrease in annual SURQ was obtained in the lower part, while it increased to 50.8% for the 90th percentile deltas (Table 6 ). Compared with the baseline scenario, the simulation results showed decreased annual SURQ, LAT_Q, and GW_Q and increased annual PERC in the upland areas under the combined effect of temperature and precipitation change for the two scenarios based on inter-model average. For the inter-model average under the combined changes of temperature and precipitation, annual LAT_Q and GW_Q reductions of −1.8 and −3.4%, and SURQ and PERC increases of +8.5 and +1.3%, respectively, were obtained in the RCP4.5 scenario in the lower part ( Table 6 ). The average actual ET in the upper and lower part of the Neka River basin, and the SM in the upper part (where most of the snowpack accumulates) under various climate change models for the two RCP scenarios are shown in Figure 10 .
Comparison of the change in the inter-model average for ET for the two scenarios for temperature alone and the combined effect of temperature and precipitation, relative to the baseline scenario, showed that the greatest increase in ET occurred in upland areas in December, and the greatest decrease occurred in August. For precipitation change alone, the largest decreases in ET under both scenarios occurred in summer and autumn. For RCP4.5 the increase in ET occurred from the middle of winter until early spring, and for RCP8.5 it occurred from December until April in the upper part of the watershed.
The results of the SWAT analysis for the combined effects of temperature and precipitation change, and for temperature change alone, showed that the largest decrease in SM occurred in April under both RCP4.5 and RCP8.5; for both scenarios the greatest increase occurred in January. The change in SM due to precipitation change alone was simulated that under RCP4.5 it increased in winter and early spring and decreased in November and April, and under RCP8.5 it increased from November until April. Results of variability in ET and SM under climate sensitivity in various CMIP5 models due to climate model variability are shown in Figure 11 and Table 7 .
Discussion and conclusions
In this study, the impacts of climate variability and land cover change on the water balance were simulated using the SWAT model. A business-as-usual land cover scenario and 17 climate models were combined to assess changes in the hydrological response and the relative importance of each. A hydrological model was calibrated using SUFI-2 generated satisfactory criteria for analysis of monthly discharges during the calibration and validation periods in the Neka River basin. Akhavan et al. (2010) reported that performance of SWAT was quite satisfactory for the hydrological calibration (R 2 = 0.83, NSE = 0.77, P = 0.24, R = 0.57) and validation (R 2 = 0.70, NSE = 0.70, P = 0.27, R = 0.47) periods for the outlet of the basin in the Hamadan-Bahar watershed, Iran. Large uncertainty was observed in their study, given the small value of P. We found lower and higher values of NSE for the calibration and validation periods, respectively, than that values obtained by Akhavan et al. (2010) . Rostamian et al. (2008) assessed the goodness of calibration and uncertainty analysis using the SUFI-2 algorithm in two mountainous basins (the Beheshtabad and Vanak watersheds) in central Iran. They mostly reported large uncertainty in some stations, because P was too small, while R was large, even though the flow dynamic was quite well simulated. Azari et al. (2016) reported calibration (NSE = 0.77) and validation (NSE = 0.70) statistics near the main outlet for discharge by the SUFI-2 in northern Iran in line with the results of our study. Values of CN2 and other parameters are likely to have a minor effect on the sensitivity of discharge response to land cover change. However, according to other relevant research on this topic and the objectives of this study, we used the best values of calibrated parameters, and we did not investigate the effect of uncertainty of each parameter on the discharge under land cover change.
We used the delta change approach to estimate the effect of climate change on discharge and water balance components. This method has its advantages and limitations. The major advantage is that it is simple to apply, and the direct scaling of the local data is consistent with changes indicated by the global climate model scenarios (Anandhi et al. 2011) . The weakness of the delta change approach is that its future climate dynamics are aligned with current conditions. Therefore, extreme events (e.g. heavy precipitation) and the length of dry or wet spells are not taken into account (Onyutha et al. 2016 ).
Consequently, the performance of the delta change approach could not be evaluated in our study, because it equalled the observations under current conditions (Teutschbein and Seibert 2012) . The climate change scenarios showed that the temperature is predicted to increase markedly for the time horizon 2035-2065 in the Neka River basin. Among all models, the annual percentage change in precipitation ranged from a decrease of 1.3-13.3% to an increase of 1.1-19% for the RCP4.5 scenario, and a decrease of 0.5-11.2% to an increase of 1.6-17.3% for the RCP8.5 scenario. These results indicate large variability and uncertainty in the simulation of precipitation among the models. Abbaspour et al. (2009) assessed the effects of near (2010-2040) and far (2070-2100) climate changes on water resources for all of Iran. They reported that major changes in the wet region (the northern part of Iran) occur in the fall, and these regions of the country will experience a quite large increase in precipitation. Analysis of predicted rainfall in the Gharesou River basin (western Iran; Zahabiyoun et al. 2013) indicated an increase of 19% in winter and a decrease in the other months, whereas the inter-model average in the present study showed an increase in winter and autumn for RCP4.5, an increase in winter and spring for RCP8.5, and a decrease during the other seasons. Abghari et al. (2013) studied the trends of observed river flow and precipitation in western Iran over a 40-year period. They reported downward trends of annual discharge for five stations, whereas annual precipitation indicated an insignificant trend. They found strong relationships between annual streamflow and annual precipitation and for most months with the exception of January, February, July, and September. Consistent with these results, Masih et al. (2011) previously indicated that changes in observed streamflow were strongly related to changes in observed precipitation in the Zagros Mountains, Iran. Zahabiyoun et al. (2013) applied SWAT under climate changes in a wet region (Gharesou River basin), western Iran. They demonstrated a precipitation increase of 19% in winter, and a 96% runoff increase during this season in the period 2040-2069 compared to the base period.
Our simulation of a combination of temperature and precipitation change with no change in land cover showed a decline in discharge in all months except December and January for the RCP4.5 scenario, and an increase during the winter for the RCP8.5 scenario. This seasonal change could be because of increased precipitation and earlier snowmelt in winter, and lower evapotranspiration in spring and summer (because of the rapid increase in temperature) and earlier exhaustion of water in the ground to be taken up by vegetation (Yan et al. 2016) . These results are similar to those obtained by Yan et al. (2016) , who used 21 CMIP5 climate models under RCP scenarios in a study of the Xinjiang River basin (China), and found an increase in discharge in late autumn and early winter. Luo et al. (2013) also reported an increase in discharge during winter and a decrease in summer in California under various climate change scenarios, based on an updated SWAT analysis. We found that when precipitation increased under fixed temperature conditions, the simulated change in discharge increased under both scenarios. This demonstrates that discharge was influenced by changes in rainfall, which is a finding consistent with that of Wang et al. (2008) for the Zamu River basin, in northwest China; they used a SWAT model to explore the hydrological response under various land cover and climate change scenarios. Under the two scenarios in our study we observed a greater increase in temperature in summer than in the other seasons, and a high decline in discharge occurring in summer.
The present study also explored the impact of land cover changes on water discharge in the Neka River Table 6 . Average annual changes (%) (10th, 25th, 75th, and 90th percentiles, and average of various CMIP5 model deltas) for the water balance components under T (temperature change alone), P (precipitation change alone), and T + P (temperature and precipitation change) for RCP4.5 (numbers in parentheses are for RCP8.5) scenarios with respect to current (2010 land cover with observed climate data) in the upper and lower parts of the Neka River basin. basin. Land cover change predicted to occur between 2010 and 2050 led to a decrease in forest area and increases in the areas of agriculture and rangelands. A decrease in forest and shrub cover will increase catchment yields and decrease the storage capacity (López-Moreno et al. 2014). Deforestation affects the amount of precipitation grasp by plants, and the amount lost in evapotranspiration. Furthermore, production of hydropower and water use for agricultural irrigation and for drinking water will also be affected by changes in flow cycles (Rahman et al. 2015) . As the projected change in land cover is relatively minor, the impact on discharges is also modest, but not negligible. The results of the study imply that future land cover change could increase the annual discharge by 3%, with the greatest increase (5.2%) occurring in December. This finding suggests that the effect of climate change on water discharge is greater than that of land cover change in the Neka River basin, and that climate change will have a greater effect than land cover change in controlling variations in the annual and seasonal hydrological regime in the basin. These findings are consistent with those of Guo et al. (2008) , who also reported that climate effects will dominate changes in discharge in the Poyang Lake basin (China), while land cover will have only a moderate impact. Both Li et al. (2009) , in a study of the Heihe basin (Loess Plateau, China), and Shi et al. (2013) , in a study of the upstream portion of the Huai River (China), reported that climate variability is more important than land cover change in controlling hydrology. However, land cover change has been identified to impact on runoff yield as much as climate change (López-Moreno et al. 2014) . This latter finding can be explained by the large area affected by the land cover change in that study, and because the hydrological simulations were conducted using an eco-hydrological model (RHESSys); such models have been demonstrated to be more sensitive to changes in vegetation than the SWAT model (Morán-Tejeda et al. 2014b) . Differing sensitivity to land cover and climate changes between hydrological models occurs because the main equations for calculating hydrological processes and water partitioning are different. For instance, SWAT calculates actual ET through empirical equations and as a function of the potential ET. Such dependence on the potential ET is the cause for lesser sensitivity of SWAT than that of the RHESSys model to land cover changes (Morán-Tejeda et al. 2014b).
Evapotranspiration is a significant parameter affecting energy and water balances at the Earth's surface (Gao and Long 2008) . An increase in ET can result from increased temperature and precipitation (Ma et al. 2009 ). In this study, a change in precipitation caused an increase in actual ET in midwinter to early spring in upland areas, from midwinter until the middle of spring for lowland areas for simulations under the RCP4.5 scenario, and from winter until the middle of spring in upland areas and in winter in lower areas under the RCP8.5 scenario. Qi et al. (2009) reported that ET declined when forest areas are converted to grasslands and croplands, because this kind of land cover consumes less water than do forests. The ET in the upper parts of the Neka River basin, where rangeland cover dominates, was less than that in lower areas dominated by forest land cover. The seasonal change projected for future SM is expected to be exacerbated Figure 11 . Monthly changes (%) (percentile 10, average and percentile 90 of various CMIP5 models deltas) in actual evapotranspiration under T (temperature change alone), P (precipitation change alone), and T + P (temperature and precipitation change) for RCP4.5 and RCP8.5 scenarios with respect to current conditions (2010 land cover with observed climate data) in the lower and upper parts of the Neka River basin. Table 7 . Monthly changes (%) (10th, 25th, 75th, and 90th percentiles, and average of various CMIP5 model deltas) in snow water equivalent under T (temperature change alone), P (precipitation change alone), and T + P (temperature and precipitation change) for RCP4.5 (numbers in parentheses are for RCP8.5) scenarios with respect to current (2010 land cover with observed climate data). by decline simulated for April in the headwaters, which will result in increased winter runoff but a dramatic decline in spring flows. This finding is consistent with many other studies of mountain regions, including those of Barnett et al. (2005) and Adams et al. (2005) . Despite all efforts, three major sources of uncertainty were evident in the hydrological modelling for the Neka River basin: (a) uncertainty in the model parameters and the conceptual model assumptions, because the results of the SM and ET analyses were based on the output from a SWAT, which made simulation of these parameters less reliable; (b) uncertainties in the predictions of land cover change (the businessas-usual scenario is based on the historic trend of change over two time periods, but will probably be affected by changes in policy, the price of crops, and population growth, which will affect the patterns of land use and land cover in the future); and (c) uncertainties in the simulation of climate change (high levels of uncertainty are introduced by simulating future precipitation scenarios among various models) (Abbaspour et al. 2015 , Mehdi et al. 2015a ). Quantification of some modelling uncertainties is possible by using the multi-model ensemble approach in climate projections that we have undertaken, as suggested by some authors (Mehdi et al. 2015b , Shrestha et al. 2017 . To reduce the uncertainty of climate models, we used 17 climate CMIP5 models to evaluate the importance of the ensemble approach in impact analysis and computed changes in the 10th, 25th, 75th, and 90th percentiles, and in the average for obtaining the broad range of variability in discharge projections by climate runs.
Regardless of the above uncertainties, this study provides significant insights for decision makers responsible for managing under future conditions of changed water availability. The study has clearly indicated the likely impacts of the predicted warmer conditions in the Neka River catchment in coming decades, framed by uncertainty about variability in precipitation projections and model uncertainties. However, most of the scenarios point to reduced water availability during late spring and summer. This could jeopardize the water supply for irrigation in the lower reaches of the catchment unless proper water management and water saving is implemented, along with better use and management of groundwater resources.
